The reaction of chloroacetaldehyde with adenine bases in DNA to give a fluorescent product was used to study the availability to intermolecular reaction of positions 1 and 6 of adenine in DNA complexed with calf thymus DNA helix-destabilizing protein. No inhibition of this reaction was observed when heat-denatured DNA was complexed with the protein at a protein/DNA weight ratio of 10:1, compared to free DNA. On the contrary, the same reaction was inhibited markedly for denatured DNA The DNA helix-destabilizing protein (HD-protein) has been isolated from various organisms by virtue of its strong preferential affinity for single-stranded DNA. It lowers the melting temperatures (tms) of double-stranded nucleic acids and stimulates the activity of the homologous DNA polymerase in vitro (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
The DNA helix-destabilizing protein (HD-protein) has been isolated from various organisms by virtue of its strong preferential affinity for single-stranded DNA. It lowers the melting temperatures (tms) of double-stranded nucleic acids and stimulates the activity of the homologous DNA polymerase in vitro (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
For understanding the in vivo role of HD-protein in DNA replication, knowledge of the mechanism of the molecular interaction between the protein and DNA is of primary importance. For an explanation of the stimulative effect of HDprotein on DNA polymerase activity, a "bases-out" model for the DNA-HD-protein complex has been proposed (12, 13) . It was assumed that DNA bases of the DNA-HD-protein complex are oriented in such a way that they are easily recognized by the enzyme. It is not yet clear, however, whether or not base residues of DNA are actually exposed and are accessible to intermolecular reactions when single-stranded DNA is fully covered by HD-protein. In this communication, we report a few pieces of evidence that DNA bases remain uncovered after the binding of HDprotein to DNA. The reaction of chloroacetaldehyde with adenosine and adenylic acid takes place at position 1 (nitrogen) and position 6 (amino group) of the adenine residue (14, 15) .
The product of this same reaction with DNA, e-DNA, has a fluorescence maximum at 400 nm when excited at 305 nm in aqueous solution at pH 6.8 (16) (17) . Thus, availability of positions 1 and 6 of the adenine residue in a DNA system can be detected with great sensitivity. For instance, the reaction takes place only with single-stranded DNA and not with doublestranded DNA purified by treatment with nuclease SI followed by hydroxylapatite chromatography (16) (17) (18) . We have examined mild conditions for the reaction of chloroacetaldehyde with DNA to avoid inactivation of HD-protein during the reaction and then studied the reactivity of chloroacetaldehyde with adenine bases in poly(dA-dT) and calf thymus heat-denatured DNA in the presence of calf thymus HD-protein (UPi).
To confirm the results obtained from the above experiments, the rate of the hydrogen-deuterium exchange reaction of denatured DNA in the presence and in the absence of UPi were compared. The exchange of protons of amino and imide hydrogens of DNA bases was monitored by stopped-flow ultraviolet spectroscopy (19) . In this system we can eliminate the possible effect of chemicals such as chloroacetaldehyde on the structure of DNA-protein complex. We also explored the possibility that UPI "unstacks" DNA bases upon binding to DNA by examining the effect of UPi on the fluorescence intensity of e-DNA (DNA pretreated with chloroacetaldehyde). Analysis of the Product. The fluorescence of the product obtained under the reaction conditions described can be detected only when the DNA is digested into mononucleotides by DNase and phosphodiesterase. After digestion, the fluoresence intensity is amplified by nearly 20-fold (16, 17) . However, first the UPi must be dissociated from the DNA for the enzymes to function. For dissociation of UPi from DNA quantitatively, either CsCl equilibrium density gradient centrifugation or 5-8 M urea/2 M NaCl gradient centrifugation was used.
MATERIALS AND METHODS
CsCl Equilibrium Centrifugation. The sample containing poly(dA-dT) and UPI after reaction with chloroacetaldehyde was dialyzed against 50 mM Tris'HCl buffer, pH 8 Hydrogen-Deuterium Exchange Rate Determination. The sample for measurement (4 ml) contained 0.6 mg of calf thymus denatured DNA with or without 2.7 mg of UPi in 5 mM sodium phosphate buffer, pH 6.8/1 mM EDTA/10% glycerol. The sample in 'H20 was rapidly mixed with an equal volume of 2H20 at 260 and the time-dependent decrease in absorbance at 285 nm was recorded with Union Giken stopped-flow spectrophotometer RA 401. RESULTS UP1-DNA Binding Assay. It was first confirmed by results of Millipore filter binding assay that UPi preferentially bound to heat-denatured HeLa [14C]DNA and gradually dissociated from DNA as the NaCl concentration increased (Fig. 1 left) . Next, the binding ability of UPi to DNA was examined under the actual reaction conditions for chloroacetaldehyde and DNA used for the following experiments. From the result shown in Fig. 1 right, Effect of UPI on the Reaction of Chloroacetaldehyde with Poly(dA-dT). Poly(dA-dT) is not expected to react with chloroacetaldehyde below its tm, because then it is double stranded. In the presence of UPI, however, the tm of poly(dA-dT) is expected to be lower. Actually, it has been found that, at 36.5', poly(dA-dT) in the presence of UPi is 80% melted whereas free poly(dA-dT) is still in the double-stranded form (Fig. 2 inset) . Both samples, poly(dA-dT) in the absence and in the presence of UPI, were chilled in ice and chloroacetaldehyde was added at 00 to each sample so that the final concentration was 0.19 M. The reaction mixtures were then brought to 36.50 again and the reaction was allowed to proceed for 2 hr. The analysis of the product, as shown in Fig. 2 , demonstrated clearly that poly(dA-dT) in the presence of UPL did react with chloroacetaldehyde to a considerable extent whereas free poly(dA-dT) in the absence of UPI reacted to only a small extent [probably because of structural fluctuation of the poly(dA-dT) molecule at the temperature very close to its tim]. This result indicates that, in the presence of 0.19 M chloroacetaldehyde, UPi was still able to induce poly(dA-dT) to form a single strand and to allow chloroacetaldehyde to react with adenine residues as the temperature was raised from 00 to 36.50. This result, taken together with the result obtained from the previous experiment (Fig. 1  right) , eliminates the possibility of inactivation of UPi by chloroacetaldehyde under the reaction conditions used.
Extent of Reaction of Chloroacetaldehyde with HeatDenatured DNA Complexed with UPI. Heat-denatured DNA, in which the nitrogen and amino group of adenine at positions 1 and 6 do not participate in hydrogen bondings, reacts readily with chloroacetaldehyde. When such DNA is fully complexed with UPI, the reactivity with chloroacetaldehyde is expected to depend on the availability of these reactive sites of adenine residues within the complex. It has been reported (19) . The rates of decrease in absorbance at 285 nm for denatured DNA with and without UPI were identical with a half-life of 0.5 sec (Fig. 4) (16, 17) . In both cases, amplification of fluorescence intensity is considered to occur when bases are relieved from stacking. In this context, the possibility for UPL interaction to unstack the DNA bases was explored. Nearly 3-fold amplification of the fluorescence intensity of e-DNA was observed at a UP1/DNA weight ratio of 8:1 (Fig. 5) . UPL (Fig. 1 left) 
